I. Introduction
With progressive refinements of technology in such fields as semiconductors, medical engineering and biotechnology, the subjects under research and development are more specialized, and the materials used become ultrapure, so that concentrations of impurities are restricted to ppt (pg/ml) order. However, trace determinations of impurities at the ppt level have been performed for only limited substances using fluorescence analyses and others." Therefore a highly sensitive analyt ical method for general purposes is strongly desired.
In brief, the principle of photoacoustic spec troscopy (PAS) is as follows:a periodical thermal expansion of an absorption region of intensity modulated excitation beam in liquid sample causes an acoustic wave, 2, 3) which is a photoacoustic (PA) signal. The magnitude of the PA signal is proportional to the heat quantity induced from the nonradiative pro cesses of the sample, hence it is also propor tional to the sample absorbance. Therefore PAS can be applied to colorimetric analysis on the basis of the proportionality betwee the magnitude of the PA signal and the sample absorption coefficient. to thermal lens effect. 11,12, 16) The radius a satisfying the conditions given by eqs. (1) and (2) is in a near-field condition where the a coustic source profile cannot be neglected as a point source, and the thermal lens effect is one of the main factors which determine the acoustic source profile. 8) Photoacoustic signal output, amplified by a lock-in amplifier, is expressed as, (3) where <P> is the amplitude of the PA signal Table  1 . This cell is mounted in a cylindrical cell holder made of stainless steel to provide electromagnetic and mechanical noise shielding.
Filling with liquid sample is done by removing the quartz optical window. Fig. 2 A block fied PA signal S and the sample absorption coefficient. Because, the spatial distribution of the acoustic source R(r) in eq. (4) is varied with the change of sample absorption coeffi cient due to the thermal lens effect and the value of also depends on it. The beam is modulated by a light chopper of rotating blade type, and the modulation is rectangular with Table 1 Parameters of the photoacoustic spectrophotometer systems a duty cycle of 50%. Another PAS system employed in previous work with which ultra trace determinations of cadmium were done, 5) was used for com parison of the sensitivity (system B). The parameters of system B are listed in Table 1 . This system is not optimized.
The cell radius is 5.2 mm, while the optimal cell radius for this system is 2.6 mm, and the phase of the lock-in amplifier is fixed at 4.0 degrees which gave the maximum output for m-xylene.
Equation (3) shows that the detected PA signal is proportional to the g value of the piezoelectric constant of the PZT detector, hence the sensitivity of the cell is also pro portional to the g value. The sensitivity of the PAS system, of course, is proportional to the beam power. Therefore, the improvement of the g value of the detector and the beam power shown in Table 1 contribute to increase of the total sensitivity of the PAS system, and the contributions are estimated to be fac tors of 1.5 and 1.6, respectively. 2.3 Samples m-Xylene solutions of cobalt-1-nitroso-2-naphthol (Co-nitroso N) chelate were used to obtain calibration curves. This chelate is stable to light and its molar absorptivity value is well known. Furthermore, pure solution can be easily prepared by the solvent extrac tion method. 13) Therefore Conitroso N is a suitable standard for calibration curve meas urements. 
where C is the concentration of the sample, and Sb is the m-xylene blank level, that is, the PA signal of m-xylene.
The sensitivity of the PAS system is defined as the rate of PA signal increase for the concentration, and is the proportionality coefficient k in eq. (5). The linearity of the PAS system has an effect on the scatter of the measured values from the calibration curves, and is evaluated with the standard deviation a of the measured values from the calibration curves.
The parameters of the calibration curves shown in Fig. 4 are summarized in Table 2 . The sensitivity of system A is 5.1 times bet ter than that of system B. The increase in g value of the detector and beam power im proved the sensitivity by factors 1.5 and 1.6, respectively, hence 2.1 times is due to the 
where e is the molar absorptivity and C. is the molar concentration.
Equation (6) is valid when the absorption coefficient of the solvent ab can be neglected.
However, the blank levels of the PA signals for m-xylene Sb shown in Table 2 are not zero, hence PAS is too sensitive for application of eq. (6) .
Instead, the following relationship is used. (7) where ab is the background absorption coeffi cient.
As 
